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ABSTRACT—Totalweightsandvolumes,abovestump,weredeterminedfor 71 northernred oak
(Quercusrubra L.) trees6 to 24 inchesd.b.h.growingin fully stockedoak-hickorystandsin western
North Carolina.Equationsare presentedfor predictinggreenanddry weightsandgreenvolumeof
thetotal tree,abovestump,andits componentsusingd.b.h.andtotal height,d.b.h.andheightto a
4-inch top. d.b.h. and saw-log merchantableheight. and d.b.h. alone. Tablesdevelopedfrom
equationsshowweight and volumeof thetotal treeandits componentsby d.b.h. and total height
classes.Seventy-fivepercentof total-treeweightwasin stemto a4-inchtopand25 percentin crown.
Theaveragetreehad85 percentof itsgreenweight in woodand 15 percentin bark.Total-treewood
hadati averagespecificgravity of0.581,anaveragemoisturecontentof 80 percent,andanaverage
greenweightper cubic foot of 65 pounds.Theaverageweightof wood andbark percubic foot of
woodfor thetotal treewas77 pounds.

Keywords: Quercus rubra L., biomass.component proportions,equations. specific gravity.
moisturecontent,weightpercubic foot.

Increasing demandsfor wood, escalating
costs,and theenergyshortagehaveforcedforest
industriesin the South to considerutilizing all
parts of trees.Utilizing the total tree abovethe
stump comparedto utilizing only the merchant-
able stem can increaseyields from individual
hardwoodtreesby as much as 65 percent(Clark
1978). Equationsfor estimatingtotal-treeweight
and volume are neededto evaluateand utilize
total trees.

This Paperpresentsgreenvolumesandgreen
anddry weightsof above-stumpbioinassof com-
mercial-sizenorthernredoaks(QuercusrubraL.)
growing in uneven-agedstandsin themountains
of westernNorth Carolina.Equationsand yield

Thisstudywasconductedin cooperationwith theRange.
Timber,andWildlife ProgramAreaofRegion8 of theNational
Forest System.Field personnelwereprovided by the Pisgah
and French Broad Ranger Districts of the PisgahNational
Forest.

tablespredictweightandvolume of thetotaltree
and its components(wood, bark, sawlogs, stem,
and crown). Wood and bark specific gravity,
moisturecontent,andgreenweightpercubic foot
are presentedfor the total tree and its com-
ponents.

PROCEDURES

Field

A total of 71 northern red oak treeswere
selected from two fully stocked, uneven-aged
oak-hickorystandsto determinewinter biomass.
A stratified randomsampleof 36 pulpwood-size
trees(trees5.6to 11.5 inchesd.b.h.)wasselected
from astandin HaywoodCounty on the French
BroadDistrict of the PisgabNationalForest.The
dominantandcodominanttreesin the standwere
10 to 14 inches d.b.h., and the stand had an
averagesite indexfor northernredoakof 80.Five



to seventrees were selectedfrom each 1-inch
d.b.h. classfrom 6 to 11 inchesd.b.h. The trees
sampled ranged from 41 to 55 years old and
averaged49 years.

A second stratified random sample of 35
dominantand codominantsawtimber-sizetrees
(=11.6inchesd.b.h.)wasselectedfrom a mature
standin BuncombeCountyon the PisgahDistrict
of the PisgahNational Forest.The standhadan
averagesite index of 90. Three to six treesfrom
each2-inchd.b.h.classweresampled.Formclass
of the sawtimbertreesrangedfrom 71 to 86 and
averaged79. The trees ranged from 53 to 114
years old and averaged76 years. Means and
rangesin dimensionsof sampletreesare shownin
table1.

Treeswerefelledandlimbedduringthewin-
ter, andthe main stemof eachtreewasbucked
into merchantablesaw logs and pulpwood.Saw
logs8 to 16 feetlongwerecut from the main stem
to an 8-inch d.i.b. top or to a degradingquality
indicatorsuchas large knots. Stemd.i.b. at the
saw-log top averaged9.9 inches (table I). All
material betweenthe saw-logmerchantablelop
and the 4-inch d.i.b. top was classedas ~pulp-
wood.” All treeshadadiscerniblemain stemto a
4-inch top. In pulpwoodtrees,stemmaterialbe-

tweenthe 4-and2-inch d.i.b. topswasclassedas
“topwood.” The crownof sawtimber-sizetrees
was cut up and weighed in two categories:
(1) branches=4.0inchesd.o.b.,and(2) branches
< 4.0 inches d.o.b. Pulpwood crowns were
divided into branches=2.0 inchesandbranches
<2.0 inchesd.o.b.Thetip of the stem(2 inches
d.i.b. to top) was includedasbranchmaterialin
the study.All crownandpulpwoodmaterialwas
weighedto the nearestone-quarterpound. Saw
logs were weighed individually to the nearest
pound.

From each sawtimber tree, disks were re-
movedat thebutt, at eachsaw-logbucking point,
at the points where d.i.b. measured8, 6, and 4
inches, and from branches randomly selected
from each branch-sizecategory. In pulpwood-
size trees,disks were cut at the butt, at quarter
points to a 4-inch top, andat a2-inch top. Each
disk was sealedin a polyethylenebagfor subse-
quent determinationsof moisture content, spe-
cific gravity,andbarkpercent.

Laboratory

Specific gravity was computedon a green-
volume andovendry-weightbasis.Moisture con-

Table1.—Meansandrangesin dimensionsof northernredoaktreessamplellonthePisgaftNationalForest
in westernNorth Carolina

D.b.h.
j

Average Range Average Range

Number Inches Feet Inches

6 5 6.1 5.9—6.4 61 56—64 28 18—33 — — —
7 7 7.1 6.6-7.5 66 53—72 39 33—43 — — — —
8 7 ~8.1 7.6-8.5 69 66—74 42 36—48 — — — —
9 5 9.0 8.7—9.4 75 74—77 48 43—51 — — — —

10 6 10.1 9.6-10.5 76 65— 82 52 44—65 — —
11 6 11.0 10.6-11.3 80 72— 86 58 55—60 — —
12 5 12.2 11.7—12.9 83 67—104 60 50—79 33 25—37 9.1 8.2— 9.8
14 5 14.3 13.9—14.9 94 91— 98 70 65—75 47 35—64 8.3 7.4— 9.9
16 6 15.6 15.0-16.1 96 82—107 73 61—84 48 37—65 9.4 8.2—11.8
18 6 17.7 17.0-18.5 98 89-103 77 70—84 54 43—62 10.0 7.6-12.6
20 5 20.1 19.0-20.9 102 96-106 79 72—87 53 45—62 10.8 9.4-12.5
22 5 22.0 21.3—22.7 106 98-118 88 82—93 62 50-78 9.3 7.8-13.1
24 3 24.0 23.6-24.7 102 91—1 16 84 •76-98 53 50—60 14.7 14.3—15.0

All
classes 71 13.0 5.9-24.7 84 53118 60 18-98 50 25—78 9.9 7.4-15.0

D.b.h.
class

(inches)
Sample

trees
Total height

Height to4- Heightto saw- D.i.b. at saw
inch d.i.b. logmerchantable log merchantable

top top’ top

Average Range Average Range Average Range

‘Height to 8-inchd.i.b. orsaw-logmerchantabletop.
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tent was computedon an ovendry-weightbasis
after samplesweredriedto a constantweight at
l03~ C. Percentageof barkwasdeterminedfrom
diskson agreen-weightbasis.Moisturecontent,
specific gravity, and percentageof bark in stem,
branches, and total tree were calculated by
weightingdiskvaluesin proportiontothe volume
of the componentthey represented.Weighted
valuesfor moisturecontentwereusedto convert
componentgreenweightstoovendryweights.

Greenweights per cubic foot of wood and
bark were calculatedfrom weightedvalues for
specific gravity and moisture contentwith the
equation:

Green weight per cubic foot

= [1+ ~ x(S.G.)x(C)

where:

M.C. = weighted moisture content in percent,
S.G. = weighted specific gravity,
C = 62.4 pounds (weight of waterper

cubic foot).

logY = b0 + b1 logXj

+ b2 logX2 + E (3)

where:

Y = predictedweightorvolume of
component

X = D
2,D2Th,D2H4,orD2Mh,

= Th,H4,orMh
E samplingerror,

= regressioncoefficients.

When logarithmic estimatesare converted
backto original units, they arebiaseddownward
becausethe antilogarithmof an estimatedmean

(1) gives the geometric rather than the arithmetic
mean(Cunia 1964). To accountfor this bias, a
correction factor was computed using a proce-
dure described by Baskerville (1972) and applied
to each equation. The equation forms, including
the correction factor, are:

52y-
—

10b~)+blogX± ., (4)

Cubic-foot volume of greenwood and bark
werecomputedby dividing componentweight by
its greenweight percubicfoot. Total greencubic-
foot volume (wood and bark combined) was com-
puted by adding the green volume of bark to the
greenvolumeof wood.

Analvsis

Linear regression equations were developed
to predict green and dry weights and green
volumes of wood and bark in the total tree and its
components. Independent variables were: di-
ameterat breastheight (D), totalheight (Th), saw-
log merchantable height (Mh), and height to a
4-inch top (H4). both separately and in various
combinations.

Grouping the data into D
2Th classes and plot-

ting the varianceof Y overD2 and D2Th indicated
that the variances of predicted weights and vol-
umes increased with increasing D2 and D2Th.
A logarithmic transformation (to the base 10) was
used to obtain a relatively homogeneous vari-
ance, which is assumedin regressionanalysis.
Thus, regression equations for tree and com-
ponent weights and volumes were calculated
using the equations:

logY = b
0 + b1 logX + E

and

y— ~0b±blogX±b:IogX2+ ~ (5)

where:

S
2 = error mean square from regression

y~x analysis

Equations(4) and(5) canbesimplified to:

Y = aXbt (6)

and

Y = aXib~X~2 (7)

where:

alObO± -‘

Separate prediction equations were de-
velopedfor the pulpwood and sawtimbertrees.
Statisticaltests(SnedecorandCochran1967) in-
dicatedno significantdifferencesin the slopesor
interceptsof theseequationsat the 0.01 proba-
bility level for the total tree and stemweights
or volumes. Therefore,the pulpwood and saw-
timber treeswere combined,and one seriesof
equationswasdevelopedfor trees6 to 24 inches

(2) d.b.h.
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SAMPLE TREE
CHARACTERISTICS

Total Tree

Green weight of the trees sampledranged
from anaverageof 457 poundsfor 6-inchtreesto
12,535 pounds for 24-inch trees. Assumingthe
treeswere composedsolelyof wood, bark, and
water,44 percentof theirgreenweight waswater;
47 percentwaswood;and9 percentwasbark.The
proportionsof total-treeweight in wood andbark
did not varywith treesize. Theproportionoftree
weight in bark rangedfrom 14 to 17 percentand
averaged15 percenton agreenbasis. On a dry
basis,barkmadeup an averageof 17 percentof
total-tree weight.

The proportion of tree weight in crown
material (all live branchesand stem < 4-inch
d.i.b.) rangedfrom 19 to 29 percenton a green
basis but did not vary consistently with tree size.
The proportion of tree green weight in crown
averaged 25 percent, and the proportion in the
stem to a 4-inch top averaged 75 percent.

The green and dry weights of all wood and

bark and the distribution of wood and bark
throughout the tree are presented in tables 2 and 3
for pulpwood trees and in tables 4 and 5 for saw-
timbertrees.On theaverage,pulpwoodtreeshad
79 percentof their totalgreenwoodweight in the
stemto a4-inch d.i.b. top and 21 percent in the
crown(topwood andbranches).Sawtimbertrees
on theaveragehad77 percentof theirgreenwood
weight in thestemto a4-inchtopand23percentin
crown. Sixty-six percent of their green wood
weight wasin saw-logmaterialand II percentin
pulpwood. Wood and bark werenot distributed
evenly throughoutthe tree;the stemto a 4-inch
top of the averagesawtimbertree contained77
percentof all the greenwood in the treebut only
61 percentof the bark. Sawtimbertreecrowns
contained23 percentof the greenwood and 39
percentof thebark.

StemComponents

The proportion of stem weight to a 4-inch top
in wood increased and the proportion in bark de-
creased as stem d.b.h. increased. The proportion
of stem weight in wood increased from 85 percent

Table2.—Averagegreenanddry weightsof woodin thetotal treeanddistributionof woodin- main-stemandbranchesin northernred
oakpulpwoodtrees

Feet Number Pounds Percent

GREEN

73
77
78
77
79
83

79

381
547
766
999

1,288
1,566

923

61 5
66 7
69 7
75 5
76 6
80 6

ii 84 4 12 16
9 86 3 II 14
6 84 6 10 16
5 82 8 10 18
3 82 8 10 18
2 85 6 9 IS

5 84 6 10 16

DRY

61 5
66 7
69 7
75 5
76 6
80 6

215 72
311 76
426 76
560 76
718 78
868 81

517 78

12 84 3
9 85 3
7 83 6
6 82 7
3 81 8
3 84 6

S 83 6

13 16
12 15
II 17
II 18
II 19
10 16

II 17

Pulpwoodin stemfrom buttto 4-inchd.i.b. top.
-Stemmaterialfrom4-inch to 2-inchd.i.b. top.
Main stemto 2-inch d.i.b. top.

6
7
8
9

10
11

Average

6
7
8
9

10
II

Average
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Table3.—Averagegreenanddry weightsof bark in thetotal treeanddistributionof bark in mainstemandbranchesin northernred
oakpulpwoodtrees

GREEN

6 61 5 76 60 13 73
7 66 7 104 65 10 75
8 69 7 146 66 7 73
9 75 5 185 65 5 70

10 76 6 229 67 2 69
II 80 6 266 70 2 72

— — 167 66 6 72Average

5 22 27
4 21 25
7 20 28

10 20 30
10 21 31
8 20 28

8 20 28

DRY

6 61 5
7 66 7
8 69 7
9 75 5

10 76 6
11 80 6

46 60 13 74
63 65 10 75
90 67 7 74

109 66 5 71
139 67 3 70
160 71 2 73

5 21 26
4 21 25
8 18 26

10 19 29
10 20 30
8 19 27

— — 101 67 6 73 8 19 27

‘Pulpwood in stemfrom buttto 4-inchd.i.b. top.
‘Stemmaterialfrom 4-inchto 2-inch d.i.b. top.
‘Main stemto 2-inchd.i.b. top.

Table4.—Averagegreenanddry weightsof woodin thetotal treeanddistributionofwoodin mainstenmnd-branche-sin-northern-red
oaksawtimbertrees

Feet Number Pounds Percent

5 2,139
5 3,346
6 3.957
6 5,169
5 6,389
5 9.186
5 10,631

— 5,484

GREEN

56 23 79 4 17 21
65 12 77 9 14 23
65 13 78 10 12 22
69 10 79 11 10 21
70 9 79 II 10 21
67 7 74 16 10 26
63 10 73 16 II 27

66 II 77 12 II 23

DRY

83 5 1.1%
94 5 1,847

6 2,227
98 6 2,847

102 5 3,467
106 5 5,109
102 5 5,792

— 3,026

55 23 78 4 18 22
63 12 75 10 IS 25
64 13 77 10 13 23
68 9 77 12 II 23
68 8 78 II II 22

65 7 72 17 II 28
62 10 72 16 12 28

65 10 75 13 12 25

‘Sawlog to 8-inchd.i.b. or saw-logmerchantablelop.
2Pulpwoodin stemfrom saw-logtopto 4-inchd.i.b. top.
3Mainstemto 4-inchdib. top.

Feel Number Pounds Percent

Average

12
14
16
18

20
22
24

Average

83
94
96
98

102
106
102

12
14
16
18
20
22
24

Average
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Table5.—Averagegreenanddryweightsof barkin thetotaltreeanddistributionofbark in mainstemandbranchesin northernred
oaksawtimbertrees

83 5 402
94 5 586
96 6 656
98 6 841

102 5 i,047
106 5 1,719
102 5 1,904

— — 956

45
51
51
55
56
52
47

52

19 64 5 31 36
11 62 10 28 38
12 63 13 24 37
9 64 14 22 36
8 64 IS 21 36
6 58 21 21 42
9 56 21 23 44

9 61 16 23 39

DRY

83 5
94 5
96 6
98 6

102 5
106 5
102 5

244
369
406
526
646

1,112
1,240

605

46
51
51
55
56
52
49

52

21 67 5 28 33
11 67 11 27 38
12 63 13 24 37
9 64 14 22 36
9 65 15 20 35
6 58 21 21 42
8 57 __ 21 43

9 61 17 22 39

‘Sawlog to 8-inchd.i.b. orsaw-logmerchantabletop.
-Pulpwoodin stemfrom saw-logtopto 4-inch d.i.b.top.
•‘Main stemto4-inchd.i.b. top.

in 6-inchtreesto 88 percentin 24-inchtrees,while
the proportionin barkdecreasedfrom 15 percent
in 6-inchtreesto 12 percentin 24-inchtrees.On
the average,88 percentof the stemgreenweight
waswoodand 12 percentwasbark.

CrownComponents

When the crown was analyzedseparately,
the proportion of its green weight in wood
averaged77 percentand the proportion in bark
averaged23 percenton agreenbasis.Comparable
figures on a dry basis were 78 and 24 percent,
respectively.

On the average,6 percentof the weight of
wood in pulpwood treeswas in topwood, 5 per-
centin branches=2.0inchesd.o.b.,and 10 per-
centwasin branches<2.0 inchesd.o.b.(table2).
The averagesawtimbertreehad 12 percentof its
wood in crownmaterial=4.0inchesd.o.b.and11
percentin branches<4.0inchesd.o.b. (table4).

PhysicalProperties

Wood and bark specific gravity, moisture
content,and greenweight percubic foot for the
total tree and its components are presentedin

table 6. Wood specific gravity and moisture con-
tent did not vary significantly with tree size.
Wood specificgravityaveraged0.581for the total
treeand 0.574for the stem—slightlyhigher than
the 0.56reportedby theForest ProductsLabora-
tory (1974)for northernredoak stemwood. Pulp-
wood had the highest wood specific gravity,
averaging0.608, and saw-log wood the lowest,
averaging0.568. Wood moisturecontent ranged
from 69 percentin the branchesto 85 percentin
saw logs and averaged80 percent for the total
tree. Green weight of wood per cubic foot
averaged65 poundsin the main stemand total
tree.

Specific gravity of bark was lowest in
branches(0.589)andhighestin thepulpwoodsec-

Feet Number Pounds Percent

GREEN

12
14
16
18

20
22
24

Average

12
14
16
18

20
22
24

Average

6



Table6.—Averagewood andbarkspecific gravity, moisturecontent,andgreenweight percubic
foot fornorthernredoaktreesandtreecomponents

Treecomponent

Averageandstandarddeviation

Specific

gravity

Moisture

content

Greenweight per

cubic foot

Percent Pounds

WOOD

Total tree 0.581±0.020 80 ±4.9 65±1.5
Stem(buttto 4-inchd.i.b. top)

Sawlog(buttto8-inchd.i.b.top)
Pulpwood(8- to 4-inchd.i.b. top)

Branches

.574 ±.021

.568 ±.022

.608 ±.026

.605±.024

83 ±5.4
85 ±5.8
72 ±4.7
69±4.0

65 ±1.7
66 ±1.5
65 ±1.9
64±1.9

BARK

Total tree 0.616±.028 63 ±5.8 62 ±2.0
Stem(buttto4-inchd.i.b.top)

Sawlog (buttto 8-inchd.i.b. top)
Pulpwood(8- to 4-inchd.i.b. top)

Branches

.631 ±.032

.634±.038

.658±.038

.589±.046

61±6.1
58 ±6.0
55 ±4.8
66 ±9.0

63 ±2.3
63 ±-, S
64 ±2.2
61±2.6

tion of the mainstem(0.658).Total-treebarkspe-
cific gravitywashigherthanwoodspecificgravity
and averaged 0.616. Bark moisture content
averaged63 percentfor the total tree,lower than
the correspondingvaluefor wood.Barkmoisture
contentwas the highestin branches(66 percent)
andlowest in pulpwood(55 percent).Greenbark
weight percubic foot rangedfrom 61 poundsin

branchesto 64 poundsin pulpwoodandaveraged
62 poundsin thetotal tree.

Theweightofwoodandbarkperunit volume
of wood is a useful factor for estimatingthe
volume of wood in atreeor its componentswhen
weight of wood and bark is known. The average
greenweight of wood and barkpercubic foot of
wood was 77 pounds for the total tree and 75
pounds for the stem (table 7). Branch green
weight of wood andbarkpercubic foot of wood
averaged83 pounds.

Greenweightpercubicfoot of woodandbark
combinedaveraged65 poundsfor the total tree
andthestemand63 poundsfor branches(table7).

PREDICTION EQUATIONS

A seriesof equationswasdevelopedto pre-
dict weightsand volumesof total treesand their
components.Sincetreeheight is measuredto dif-
ferent top limits by variousorganizations,equa-
tions weredevelopedusingD2 aloneandin com-

bination with Th, H4, and Mh as independent
variables. When Th andH4 were usedwith D2.
the one-vanableequation (2) and two-variable
equation(3) predictedtotal-tree andcomponent
weights and volumes equally well. The use of
height as a separatevariabledid not improve the
coefficientof determinationor reducethe stand-
arderror.Thus,the singlevariableequationwas
usedto predicttreeweight and volume whenus-
ing D2, D5Th, andD2H4 as the independentvari-
able. When D~ and Mh were used as separate
variablesin equation(3). the coefficientof deter-
mination (R2) increased15 to 20 percentand the
standard error was reduced. Thus, the two-
variableequationwasusedwhenD’ andMh were
the independentvariables.

All independentvariablecombinationswere
good predictors of weights and volumes, but
equationsusingD2Th werethe bestpredictorsof
total-tree weights and volumes. Equations using
D2 ± Mb were the best estimatorsof saw-log
merchantable stem weight and volume, while
equationsusingD2H4 were the bestpredictorsof
stem weight and volume to a 4-inch top. When
averagetreeheightsandstemtaperare similar to
those of our sample trees, the equationsusing
d.b.h. alonewill result in good estimatesof tree
weight andvolume.However,whenaveragetree
heightsby d.b.h. classesaredifferent. the equa-
tions that includeaheight variableshouldbe ap-
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Table7.—Averagegreenweight of wood andbarkpercubic foot of wood andaverageweight of
woodandbarkpercubicfoot of wood andbarkfor northernred oaktreesandtreecomponents

Tree component

Averageandstandarddeviation

Greenweightof wood Greenweightof wood
and bark per cubic and bark per cubic foot

foot of wood of wood andbark

Pounds

Total tree 77±1.9 65±1.4
Stem(buttto4-in.d.i.b. top) 75±1.9 65±1.5

Sawlog (buttto 8-in. d.i.b. top) 75 ±1.8 65 ±1.5
Pulpwood(8- to 4-in. d.i.b. top) 78±3.2 65 ±1.6

Branches 83 ±3.2 63±1.7

plied directly or used to developlocal weight-
volumetablesbasedon d.b.h.alone.

Appendixtables8 and9 presentequationsfor
predictingall weightsandvolumesmeasuredfor
total treesandall their componentsusingD2Th.
Appendixtables10 and II presentequationsthat
useD2, D2H4, andD2 + Mh to predictthe green
weightsof wood andbarkandvolumeofwoodfor
themostimportanttreecomponents.The Appen-
dixalsodescribesamethodfor placingconfidence
limits aboutpredictionsmadewith theequations.

A complete list of equationsbasedon D2,
D2H4,andD2Mh for predictingthegreenanddry
weightsand volume of wood andbarkof all tree
componentslisted in tables8 and 9 is available
from the authorsat the SoutheasternForestEx-
perimentStation,ForestrySciencesLaboratory,
Athens,Georgia30602.Also availableareuncor-
rected sums, sums of squares,and their cross
productsfor theindependentanddependentvari-
ableslisted in tables8 and9. Thesedatamake it
possible to statistically compare and combine
equations.They also allow for the addition of
observationsandfor computationof errorterms.

BIOMASS TABLES

Equationsbasedon D2Th from tables8 and9
were usedto developtablesof biomassweight
and volume. Tables 12—15 show predictedgreen
weights of wood andbarkandwood alonein the
total tree,the saw-logstemto an 8-inch d.i.b. or
saw-log merchantabletop, the stemto a 4-inch
d.i.b. top, andthecrown. Tables16—19showpre-

dictedgreenvolumesof woodandbarkandwood
alone in the total tree and its components.The
predicted weight or volume of bark in a tree or
componentcan be estimatedby subtractingthe
value in the tablefor wood alonefrom the cor-
respondingvalue in the table for wood and bark
combined.

Similar-size trees may vary in weight and
volumebecauseofdifferencesin crownsize,stem
taper, and weight percubic foot. Thereforethe
equationsand tables should be applied only to
trees growing in natural, fully stocked stands
which havestemtaperratesandweightspercubic
foot similarto thetreessampled.
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Appendix

COMPUTATION OF
CONFIDENCE LIMITS

Tables8, 9, 10, and 11 containthe standard
errorsof theestimate,the samplemeanof x, and
the corrected sums of squaresfor x for each
equationin log1oform. Thesestatisticscan be
usedto calculateapproximateconfidencelimits in
poundsor cubicfeetusingamodificationof Cox’s
formula (Land 1972) for estimatingconfidence
limits for lognormalmeans:

I (x—xY S
~U.L = 10logY ± Z S~yx[~ =(x—xF

]

2(n+ I)

(8)

where:

YU,L = upperandlower limits for Y,
Y = predictedweightor volume of

componentfrom equation
(6),

Z = valuefrom the standard
normaltable forappropriate
confidencelevel,5yx — standarderrorof estimatefor
predictionequation,

n = numberof observationsused
to developequation,

= samplemeanof log x —
(from tableof equations),

= correctedsumsof squaresfor
log x — (from tableof
equations),

x = valueof independentvariable
in log

1oform.

Cox’s methodof approximationsufficiently esti-
mates actual confidencelimits when applied to
sampleswith small variancesasoccurin thetotal
treeand stemweight andvolumeof northernred
oakdatasets.Thus,equation(8) shouldbe used
to approximateconfidencelimits for the single-
variableequationspresentedin thisPaper.
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Table8.—Regressionequationsfor estimatingabove-stumpgreenanddryweightsof the totaltreeandits
componentsfor northernred oak trees 6 to 24 inches d.b.h., using d.b.h. and total height as
independentvariables

Coefficientof Standard Numbertrees
Weight(Y) Regressionequationa determination errorb sampled

(R¾ (5 )C (N)

Total tree(excludingfoliage):
Greenweight Y = 0. 18579(D2Th)I~

55 0.99 0.0396 71
Dry weight Y = 0.10987(D2Th)I~l79 .99 .0441 71

All wood in tree:
Greenweight Y=0.14803(D2Th)I01315 .99 .0396 71
Dry weight Y = 0.08959(D2Th)1~23 .99 .0442 71

All barkin tree:
Greenweight Y = 0.03980(D2Th)O.96~5 .98 .0558 71
Dry weight Y = 0.02040(D-~Th)098937 .98 .0606 71

Woodandbarkin stemfrom stumpto saw-log
merchantabletop(trees= 11.0inchesd.b.h.):

Greenweight Y = 0.05116(D2Th)I0877I .95 .0546 35
Dry weight Y = 0.02929(D2Th)I08388 .95 .0590 35

Woodin stemfrom stumpto saw-logmerchantable
top (trees=11.0inchesd.b.h.):

Greenweight Y = 0.04433(D2Th)I08928 .95 .0554 35
Dry weight Y = 0.02605(D2Th)IO8~3 .94 .0602 35

Bark in stemfrom stumpto saw-logmerchantable
top (trees=11.0inchesd.b.h.):

Greenweight Y = 0.00653(D2Th)J.08088 .92 .0705 35
Dry weight Y = 0.00319(D2Th)I10598 .92 .0716 35

Woodandbark in stemfrom stumpto 8-inchd.i.b.
top(trees=11.0inchesd.b.h.):

Greenweight Y 0.06016(D2Th)IOS101 ~97 .0445 35
Dry weight Y = 0.03445(DZTh)lO7718 .% .0496 35

Woodin stemfrom stumpto 8-inchd.i.b top
(trees= 11.0inchesd.b.h.):

Greenweight Y = 0.05212 (D2Th)108255 .97 .0448 35
Dry weight Y = 0.03063(D2Th)1O7422 .96 .0502 35

Bark in stemfrom stumpto 8-inchd.i.b. top
(trees= 11.0inchesd.b.h.):

Greenweight Y = 0.00769(D2Th)107418 .93 .0673 35
Dry weight Y = 0.00376(D2Th)l~28 .93 .0683 35

Woodandbarkin stemfrom
stumpto 4-inchd.i.b. top:

Greenweight Y = 0. 13729(D2Th)l~877 .99 .0356 71
Dry weight Y = 0.08222(D2Th)l~~2 .99 .0388 71

Wood in stemfrom
stumpto 4-inchd.i.b. top:

Greenweight Y = 0.11034(D2Th)l01741 .99 .0370 71
Dry weight Y = 0.06691(D2Th)I~37 .99 .0404 71

Bark in stemfrom
stumpto 4-inchd.i.b. top:

Greenweight Y = 0.03040(D2Th)O95031 .98 .0519 71
Dry weight Y = 0.01591(D2Th)o%871 .98 .0548 71

Continued
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Table8.—Regressionequationsfor estimatingabove-stumpgreenanddryweightsof thetotal treeand its
componentsfor northern red oak trees6 to 24 inches d.b.h., using d.b.h.~nd total height as
independentvariables—Continued

Weight(Y) Regressionequationa
Coefficientof
determination

R2)

Standard
errorb
~5v•’:)c

Numbertrees
sampled

(N)

Wood andbarkin crown(all branchesand
topwood<4-inch d.i.b.):

Greenweight Y = 0.05004(D2Th)O~476 .92 .1249 71
Dry weight Y = 0.02858(D2Th)O~l .92 .1259 71

Wood in crown(all branchesand
topwood<4 inchesd.i.b.):

Greenweight Y = 0.03901(D2Th)O~387 .92 .1290 71
Dry weight Y = 0.02337(D2Th)O~2S6 .92 .1277 71

Bark in crown(all branches
andtopwood <4 inchesd.i.b.):

Greenweight Y = 0.01107(D2Th)O~723 .93 .1186 71
Dry weight Y = 0.00542(D2Th)lO1942 ~93 .1235 71

Woodandbarkin crown=4.0inchesd.o.b.
(trees=11.0inchesd.b.h.):

Greenweight Y = 0.0000010(D2Th)I~22 .77 .2418 35
Dry weight Y = 0.0000007(D2Th)I94752 .77 .2420 35

Woodin crown=4.0inchesd.o.b.
(trees=11.0inchesd.b.h.):

Greenweight Y = 0.00000086(D2Th)l95391 .76 .2475 35
Dry weight Y = 0.00000066(D2Th)I92791 .77 .2468 35

Bark in crown=4.0inchesd.o.b.
(trees=11.0inchesd.b.h.):

Greenweight Y = 0.00000014(D2Th)l.987~ .80 .2228 35
Dry weight Y = 0.00000006(D2Th)202410 .80 .2288 35

hud)2ThhI
~ here:

Y component weight in pounds.
I) dhh. in inche\.
Th = total height of tree in feet,
h~. h

1 reurev,ion coefticient~

~St~indarderror in log 10 form.
CAddition~uI ‘~tat istic~ for comput~ttion ofconfidence interv~ik:

~ (x—~)
2 13.3864 and ~ = 4.0718 for equations based on 71 trees and

~ (x — = 1.6835 and ~ 4.4538 for equations based on 35 trees.
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Table 9.—Regressionequationsfor estimatingabove-stumpgreencubic-foot volume of the total treeand
its componentsfor northernred oak trees6 to 24 inchesd.b.h., usingd.b.h. and total height as
independentvariables

Cubic—foot
volume

)Y)
Reeressionequationa

Total tree(excludingfoliage):
Wood Y = 0.002439(D2Th)l~S68
Bark Y = 0.000633(D2Th)O97~l
Wood & bark Y = 0.003052(D2Th)l~I4

Stemfrom stumpto saw-logmerchantabletop
(trees= 11.0 inchesd.b.h.):

Wood Y = 0.000633(D2Th)l~S37

Bark Y = 0.000119(D2Th)l.%8l9

Wood& bark Y = 0.000753(D2Th)l~l62
Stemfrom stumpto 8-inchd.i.b. top
(trees=11.0inchesd.b.h.):

Wood Y = 0.000745(D2Th)l08867
Bark Y = 0.000140(D2Th)l%148
Wood & bark Y = 0.000885(D2Th)l08492

Stemfrom stumpto 4-inch d.i.b. top:
Wood Y = 0.001763(D2Th)I01258
Bark Y = 0.000460(D2Th)O.95492

Wood& bark Y = 0.002183 (D2Th)I~l9fl

Crownmaterial(all branchesandtop-
wood <4 inchesd.i.b. excludingfoliage):

Wood Y = 0.000697(D2Th)O9~~3
Bark Y = 0.000188(D2Th)O~2OS

Wood & bark Y = 0.000889(D2Th)O98263
Crownmaterial=4.0inchesd.o.b.
(trees= 11.0inchesd.b.h.):

Wood Y = 0.000000011(D2Th)l.%7~s

Bark Y = 0.000000002(D2Th)l98052
Wood & bark Y = 0.000000013(D2Th)l9fi~l

iI~= bfl(D2Th)bI

where:

Y = component volume in cubic feet,
D d.b.h. in inches,
Tb = total height oftree in feet,
b

0, b1 = regression coefficients.

h Standard error in log10 form.
c Additional statistics for computation ofconfidence intervals:

~(x—i)
2 13.3864 and i = 4.07 18 for equations based on 71 trees and

~)x—xY~ 1.6835 and i = 4.4538 for equations based on 35 trees.

Nttmbertrcc~
pled

)N)

71
71
71

.95 .0546 35

.93 .0676 35

.95 .0537 35

.97 .0451 35

.93 .0650 35

.97 .0449 35

.99 .0347 71

.99 .0517 71

.99 .0339 71

.92 .1295 71

.93 .1200 71

.92 .1254 71

.76 .2490 35

.80 .2239 35

.77 .2434 35

0.99 0.0382
.98 .0571
.99 .0390
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Table 10.—Regressionequationsfor estimatingabove-stumpwoodand-barkgreenweightsfor northernred
oak trees6 to 24 inchesd.b.h.andtreecomponentsusingd.b.h.,d.b.h. andheightto 4-inch top, and
d.b.h.andsaw-logmerchantableheight asindependentvariables

Coefti- Corrected

Weight (Y) Regies~ionequationa

cient of

determi-
nation

Standard

errorb
(S 1

Sample

mean
of x h

sumsof

squares
for ~b

N timber

trees
sampled

(~) >(x—x)2 (N)

Wood andbark in total tree,abovestump
Y = 5.44299(D2)I.22075 0.99 0.0449 2. 1559 9.0800 71
Y =0.88448(D2H4)O.8751l .99 .0506 3.9096 17.6201 71
Y = 5.97051(D2)I.l~9(Mh)O.lS49S .96 .0470 — — 35

Woodandbarkin stemstumpto saw-log
merchantabletop

Y=2.78219(D2)l25916 .93 .0675 2.4697 1.2235 35
Y = 0.16293(D2H4)O~~fiS .96 .0524 4.3428 2.0010 35
Y = 0.76536(D2)O~JS3(Mh)O7228S .98 .0324 — — 35

Woodandbarkin stemfrom stump
to 4-inchd.i.b. top

Y =4.11043(D2)l22077 .99 .0508 2.1559 9.0800 71
Y = 0.64173(D2H4)O87933 .99 .0352 3.9096 17.6201 71
Y = 4.02330(D2)O.9734‘(Mh)0~36878 .97 .0402 — — 35

Woodandbark in crown(all branches
andtopwood~ 4-inchesd.i.b.)

Y = l.34314(D2)l.2l542 .94 .1148 2. 1559 9.0800 71
Y = 0.24995(D2H4)O.85787 .90 .1409 3.9096 17.6201 71
Y = 2.00506(D2)lS27S3(Mh)O.SS4~ .82 .1231 — — 35

ay = a(D2)borY a(D2H4)borY = a(D2)bI(Mh)b2

where:

Y = componentweight in pounds,
D d.b.h. in inches,
H4 = tree height to 4-inch d,i.b. top in feet,
Mh = saw-log merchantable height in feet.
a, b

1, b2 = regression coefficients.

blogj0 form.
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Table 11.—Regressionequationsforestimatingabove-stumpwoodvolumefor northernredoaktrees6 to
24 inchesd.b.h.andtreecomponentsusingd.b.h.,d.b.h.andheight to a 4-inch top, andd.b.h.and
saw-logmerchantableheight asindependentvariables

Cubic—foot
volume Regressionequation”

Coeffi-

cientof
determi-
nation

(R2)

Standard
errorb
(S~.Q

Sample
mean
of ~b
(x)

Corrected

sumsof
squares
for xb

=Ax—x)~

Number
trees

sampled
(N)

Woodin total tree,abovestump
Y = 0.07138(D2)l.2l940 0.99 0.0447 2.1559 9.0800 71
Y = 0.01158(D2H4)O.87451 .99 .0488 3.9096 17.6201 71
Y = 0.07462(D2)l~l46(Mh)O 17888 .96 .0470 — — 35

Woodin stemfrom stumpto
saw-logmerchantabletop

Y = 0.03550(D2)l.26778 .93 .0679 2.4697 1.2235 35
Y = 0.00203(D2H4)I.~89 .96 .0522 4.3428 2.0010 35
Y = 0.0982(D2)IO0l20(Mh)O.72000 .98 .0336 — — 35

Woodin stemfrom stumpto 4-inchd.i.b. top
Y = 0.05348(D2)l.22531 .99 .0505 2.1559 9.0800 71
Y = 0.00828(D2H4)O.88272 .99 .0338 3.9096 17.6201 71
Y = 0.05099(D2)O.98216(Mh)O.36979 .96 .0415 — — 35

Woodin crown(all branchesand
topwood<4 inchesd.i.b.)

Y=0.01781(D2)l.19740 .93 .1200 2.1559 9.0800 71
Y = 0.00341(D2H4)O.~SS .90 .1442 3.9096 17.6201 71
Y = 0.02450(D2)l.5l110(Mh)05352l .80 .1299 — — 35

ay = a(D2)borY = a(D2H4)b orY = a(IY)bl(Mh)b2

where:

Y = component volume in cubic feet,
D = d.b.h. in inches,
H4 = tree height to 4-inch d.i.b. top in feet,
Mh = saw-log merchantable height in feet,
a, b

1, b2 regression coefficients.

blog10form.
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Table12.—Predictedgreenweightof total-treewoodandbark,abovestump,for northernredoaktreest

Pounds

5 243 341
351 422
479 576
627 753
795 955
982 1,180

1,190 1,430
1,418 1,703

2,001
2,323
2,669

292

1,670 1,910 2,150 2,391 2,632
1,989 2,275 2,562 2,849 3,135
2,337 2,673 3,010 3,347 3,684 4,021
2,713 3,103 3,494 3,885 4,276 4,668
3,117 3,566 4,015 4.464 4, 1 5,363
3,550 4,061 4,572 5,083 5,595 6,107
4,011 4,588 5,165 5,743 6,321 6,900
4,500 5,147 5,795 6,443 7,092 7,741
5,017 5,739 6,461 7,184 7,908 8,631
5,563 6,363 7,164 7,966 8,768 9,570
6,137 7,020 7,904 8,788 9,673 10,558
6,740 7,709 8,680 9,651 10,622 11,595
7,371 8,431 9,492 10,554 11,617 12,680
8,030 9,185 10,341 11,498 12,656 13,814
8,718 9,972 11,227 12,483 13,740 14,997

WOOD4

203 244
294 354
402 483
527 634
669 804
828 996

1,004 1,208
1,198 1,441

1,695
1,969
2,265

286 327

1,412 1,617 1,822 2,027 2,232
1,684 1,928 2,173 2,418 2,663
1,981 2,268 2,555 2,843 3,132 3,420
2,302 2,635 2,970 3,304 3,639 3,974
2,647 3.031 3,415 3,800 4,185 4,571
3,017 3,454 3,892 4,331 4,770 5,209
3,412 3,906 4,401 4,897 5,393 5,890
3,831 4,386 4,941 5,498 6,055 6,613
4,274 4,893 5,513 6,135 6,756 7,379
4,742 5,429 6,117 6,806 7,497 8,187
5,235 5,993 6,753 7,514 8,276 9,038
5,753 6,586 7,421 8,257 9,094 9,932
6,295 7,207 8,120 9,035 9,951 10,868
6,862 7,856 8,851 9,848 10.847 11,847
7,453 8,533 9,615 10,698 11,782 12,868

‘Blocked-in area indicates range of data.
2lncludes I-foot stump allowance.

= 0. 18579 (D2Th)l~SS.
0.14803(D’Th)101315.

WOOD AND BARK3

391
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Table 13.—Predictedgreen weight of wood and bark in saw-log stem to 8-inch d.i.b. or saw-log
merchantabletopfor northernredoaktrees’

D.b.h.
(inches) 60

Total-treeheight2(feet)

70 80 100 110 120

Pounds

WOOD AND BARK3

1,108 1,259
1,338 1,521
1,593 1,811
1,872 2,128
2,175 2,472
2,503 2,845
2,855 3,246
3,234 3,676
3,637 4,134
4,067 4,622
4,522 5,140
5,003 5,687
5,511 6,265
6,046 6,873
6,608 7,511

1,412 1,566
1,706 1,893
2,031 2,253 2,476
2,386 2,647 2,909
2,772 3,075 3,380
3,190 3,539 3,890
3,640 4,038 4,438
4,122 4,572 5,026
4,636 5,143 5,653
5,184 5,750 6,321
5,764 6,394 7,028
6,378 7,075 7,777
7,026 7,793 8,567
7,707 8,549 9,398
8,423 9,343 10,270

WOOD4

974 1,107
1,177 1,338
1,401 1,593
1,647 1,872
1,914 2,176
2,203 2,504
2,514 2,858
2,847 3,237
3,203 3,641
3,581 4,072
3,983 4,528
4,408 5,011
4,856 5,521
5,328 6,057
5,824 6,621

1,242 1,377
1,501 1,665
1,787 1,982 2,179
2,100 2,329 2,561
2,440 2,707 2,976
2,809 3,116 3,426
3,205 3,556 3,909
3,630 4,027 4,428
4.084 4,531 4,981
4,567 5,067 5,570
5,079 5,635 6,195
5,621 6,236 6,856
6,192 6,870 7,553
6,794 7,537 8,287
7,426 8,238 9,057

‘Blocked-in area indicates range of data.
Includes I-foot stump allowance.

= 0.051 16(D2Th)l08771.
= 0.04433(D2Th)I.08928.

810
979

1,165
1,369
1,590

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

958
1,158
1,378
1,619
1,881
2,164
2,469
2,796
3,145
3,517
3,911
4,327
4,766
5,229
5,714

712
860

1,024
1.204
1,399

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

842
1,018
1,211
1,424
1,655
1,904
2,173
2,462
2,769
3,097
3,444
3,811
4,199
4,607
5,035
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Table14.—Predictedgreenweightofwoodandbark instemto4-inchd. i.b. topfornorthernredoaktrees’

D.b.h.
(inches)

Total-treeheight2(feet)

50 60 70 80 90 100 110 120

Pounds

WOOD AND BARK3

183 220
264 317
360 433
472 567
598 719
740 889
897 1,078

1.069 1,284
1,509
1,753
2,015

257 294
371 424
506 579
662 758
840 961

1,039 1,188
1,259 1,440
1,500 1,717
1,763 7018
2,048 2,343
2,354 2,693
2,681 3,067
3,030 3,467
3,400 3,890
3,792 4.339
4,205 4,812
4,640 5,309
5,097 5,832
5,575 6.379
6,075 6,951
6,597 7,548

652
853

1,082

WOOD4

156 188
226 272
310 373
406 489
516 622
640 770
777 935
927 1,116

1,314
1,528
1,758

220 252
319 365
436 500 563
572 656 739
727 833 939 1.045
901 1,032 I 1,164 1,295

1,094 1,253 1,413 1,573 1.733
1,306 1.496 1.686 1,877 2.068
1,537 1,760 1,985 2,209 2,434 2,659
1,787 2,047 2,308 2,569 2,830 3,092
2,056 2,356 2,655 2.956 3,257 3,558
2,345 2.686 3,028 3,371 3,714 4,058
2,653 3,039 3,426 3,813 4,202 4,590
2,980 3,414 3,848 4,284 4,720 5,157
3,326 3,811 4,296 4,782 5,269 5,756
3,692 4,230 4,768 5,308 5,848 6,390
4,078 4.671 5,266 5,862 6,459 7,056
4,483 5,135 5,789 6,444 7,100 7,757
4,907 5,621 6,337 7,054 7,772 8,491
5,351 6,130 6,910 7,692 8,475 9,260
5,814 6,661 7,508 8,358 9,209 10,062

‘Blocked-in area indicates range of data.
2lncludes I-foot stump allowance.

= O.13724(D2Th)l.OO877.
= O.11034(D2Th)l.Ol74l.

S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Table 15.—Predictedgreenweightof woodandbarkin crownfor northernredoaktrees’

D.b.h.
(inches)

Total-treeheight3(feet)

50 60 ] 70 80 90 j 1001 110 I 120

Pounds

WOOD AND BARK3

118
153 184
194 233
239 287
289 347
344 412

483
560
643

404 462 519 576 634
481 549 617 685 753
564 644 724 804 884 963
653 746 839 931 1024 1,116
749 856 962 1.068 1,175 1,281
852 973 1,094 1,215 1,335 1,456
961 1,098 1,234 1.370 1,507 1,643

1,077 1,230 1,383 1,535 1,688 1,841
1,199 1,369 1,540 1,710 1,880 2,050
1,328 1,517 1,705 1,893 2,082 2,270
1.463 1,671 1,879 2,087 3,294 2,501
1,605 1,833 2,061 2,289 2,516 2,744
1,754 2.003 2,252 2,500 2,749 2,998
1.909 2,180 2,451 2,721 2.992 3,263
2,070 2,364 2,658 2,952 3,245 3,539

WOOD4

47 56
67 80
91 109

119 142
150 180
185 222
244 268
266 319

374
433
497

65 74

313 357 401 446 490
372 424 477 530 582
436 498 559 621 683 744
505 577 648 720 791 863
579 661 743 825 907 989
658 752 845 938 1 032 1,125
743 848 953 1,059 1,164 1,269
832 950 1,068 1,186 1,304 1,422
926 1,058 1,189 1,321 1,452 1,583

1,026 1.171 1,317 1,462 1.608 1,753
1,130 1,291 1,451 1,611 1,771 1,931
1,240 1,416 1,592 1,767 1,943 2,118
1,354 1.547 1,739 1,931 2,122 2,314
1,474 1.683 1,892 2,101 2,310 2,518
1,598 1,825 2.052 2,279 2,505 2,731

‘Blocked-in area indicates range of data.
2lncludues I-foot stump allowance.

= 0.05004 (D2Th)O~476.
= 0.03901 (D2Th)O~387.

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Table 16.—Predictedvolume of above-stumptotal-treewoodandbark fornorthernredoaktrees’

D.b.h.
(inches)

Total-treeheight2(feet)

50 60 70 80 90 100 110 120

I I I
Cubicfeet

WOOD AND BARK3

3.8 4.6
5.5 6.6
7.5 9.0
9.8 11.7

12.4 14.8
15.3 18.3
18.5 22.2
22.0 26.4

31.0
35.9
41.2

5.3 6.1
7.7 8.8

10.5 12.0 13.5
13.7 15.6 17.6
17.3 19.8 22.3
21.4 24.4 27.5
25.9 29.6 33.3
30.8 35.2 39.6

69.3 79.2 89.1
77.2 88.2 99.2

123.2 140.8 158.4

WOOD4

3.2 3.8
4.6 5.5
6.2 7.5
8.2 9.8

10.4 12.4
12.8 15.4
15.5 18.6
18.5 22.2

26.1
30.3
34.8

4.5 5.1
6.4 7.3
8.8 10.0

11.5 13.1
14.5 16.6
18.0
21.7 24.9
25.9 29.6
30.4 34.8
35.3 40.4
40.6 46.4
46.2 52.8
52.2 59.7
58.6 67.0
65.3 74.7
72.4 82.8
79.8 91.3
87.7 100.3
95.9 109.7

104.4 119.5
113.4 129.7

Blocked-in area indicates range of data
Includes I-foot stump allowance.

— 0003050 (D2Th)l000l4.
= 0.002439(D2Th)l.00568.

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

24.7
30.5
37.0

51.6
59.9
68.7
78.2
88.3
99.0

110.3
122.2
134.7
147.8
161.6

40.6
48.4
56.8 61.9
65.8 71.8

82.5
93.8

105.9
118.8
132.3

.1

11.3
14.8
18.7

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

23
24
25
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Table 17.—Predicted volume of wood and bark in saw-log stem to 8-inch d.i.b. or saw-log
merchantabletopfor northernredoak trees’

WOOD AND BARK:t

16.9 19.2
20.4 23.2
24.3 27.7
28.6 32.5
33.3 37.8
38.3 43.5
43.7 49.7
49.5 56.3
55.7 63.4
62.3 70.9
69.3 78.9
76.7 87.3
84.6 96.2
92.8 105.5

101.5 115.4

WOOD4

14.7 16.7
17.8 20.2
21.2 24.1
24.9 28.4
29.0 33.0
33.4 38.0
38.2 43.4
43.2 49.2
48.7 55.4
54.5 62.0
60.6 69.0
67.1 76.4
74.0 84.2
81.2 92.4
88.8 101.

21.6 23.9
26.1 28.9
31.0 34.5 37.9
36.5 40.5 44.5
42.4 47.1 51.8
48.9 54.2 59.6
55.8 61.9 68.1
63.2 70.1 77.1
71.1 78.9 86.8
79.5 88.2 97.0
88.5 98.2 107.9
97.9 108.7 119.5

107.9 119.7 131.7
118.4 131.4 144.5
129.4 143.6 157.9

‘Blocked-in area indicates range of data.
2lncludes I-foot stump allowance.

= 0.000753 (D2Th)l.00l62.
= 0.000633 (D2Th)l00537.

Cubicfeet

12.3
14.9
17.8
20.9
24.3

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

14.6
17.7
21.0
24.7
28.7
33.1
37.8
42.8
48.2
53.9
59.9
66.3
73.1
80.2
87.7

10.7
13.0
15.5
18.2
21.2

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

12.7
15.4
18.3
21.5
25.1
28.9
33.0
37.4
42.1
47.1
52.4
58.0
63.9
70.2
76.7

27.1
31.8
37.0
42.7
48.7
55.2
62.2
69.6
77.4
85.7
94.5

103.7

27.7
33.1
38.9
45.2
52.1
59.5
67.4

69.0 75.9
77.2
85.9
95.1

104.9
115.1
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Table 18.—Predictedvolumeof woodandbarkin stemto 4-inchd.i.b. topfor northernred oaktrees’

D.b.h.
(inches)

Total-treeheight2(feet)

50 60 70 80 j 90 100 110 120

Cubic feet

WOOD AND BARK:t

5 2.8 3.4
4.1 4.9
5.6 6.7
7.3 8.7
9.2 11.1

11.4 13.7
13.8 16.6
16.4 19.7

23.2
26.9
30.9

4.0 4.5

27.1 38.7 42.6 46.5
31.4 44.9 49.5 54.0
36.1
41.1 58.8 64.7 70.6
46.4
52.0 74.5 82.0 89.4
58.0
64.3 92.0 101.3 110.5
70.9 101.5 111.7 121.9
77.9 111.5 122.7 133.9
85.2 121.9 134.1 146.4
92.8 132.8 146.1 159.5

100.7 144.1 158.6 173.1

WOOD4

30.9 34.8
35.9 40.4
41.3 46.4
47.0 52.9
53.0 59.7
59.5 67.0
66.3 74.7
73.5 82.8
81.1 91.3
89.1 100.3
97.4 109.6

106.1 119.4
115.2 129.6

2.4 2.9
3.5 4.2
4.8 5.7
6.2 7.5
7.9 9.5
9.8 11.8

11.9 14.3
14.2 17.1

20.1
23.3
26.8

3.4 3.9
4.9 5.6
6.7 7.7
8.8 10.1

11.1 12.8
13.8 15.8
16.7 19.2
20.0 22.8
23.5 26.9
27.3 31.2
31.4 35.9
35.7 40.9
40.4 46.3
45.4 51.9
50.6 57.9
56.2 64.3
62.0 71.0
68.1 78.0
74.5 85.3
81.2 93.0
88.2 101.0

‘Blocked-in area indicates range of data.
Includes I-foot stump allowance.

= 0.002 183 (D2Th)l~96.
= 0.001763 (D2Th)l.0l258.

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

8.6
11.3
14.4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Table 19.—Predicted volume of wood and bark in crown for northern red oak trees’

WOOD AND BARK:3

1.0 1.2
1.4 1.7
1.9 2.3
2.5 3.0
3.1 3.7
3.8 L 4.6
4.6 5.5
5.5 6.6

7.7
8.9

10.2

1.4 1.6
2.0 2.2
2.6 3.0
3.4 3.9
4.3 4.9
5.3 6.1
6.4 7.3
7.6 8.7
8.9 10.2

10.3 11.8
11.8 13.5
13.4 15.3
15.1 17.3
16.9 19.3
18.8 21.5
20.8 23.8
22.9 26.1
25.1 28.7
27.4 31.3
29.8 34.0
32.3 36.8

WOOD4

0.8 0.9
1.1 1.3
1.5 1.7
1.9 2.3
2.4 2.9
2.9 3.5
3.5 4.2
4.2 5.0

5.9
6.8
7.8

1.0 1.2
1.5 1.7
2.0 2.3
2.6 3.0
3.3 3.8
4.1 4.7
4.9 5.6
5.8 6.7
6.8 7.8
7.9 9.0
9.0 10.3

10.3 11.7
11.6 13.2
12.9 14.7
14.4 16.4
15.9 18.1
17.5 19.9
19.2 21.8
20.9 23.8
22.7 25.9
24.6 28.0

‘Blocked-in area indicates range of data.
2lncludes I-foot stump allowance.

= 0.0008~9 (D2Th)O.98263.
= 0.000697(D~Th)097~3.

Cubicfeet

3.4
4.4
5.6
6.8

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

2.6
3.4
4.3
5.2

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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The Forest Service, U.S. De-

partmentof Agriculture, is dedi-

catedto the principle of multiple

use managementof the Nation’s
forest resourcesfor sustained
yields of wood, water, forage,

wildlife, andrecreation.Through

forestry research, cooperation

with the Statesandprivateforest

owners,and managementof the
National Forests and National

Grasslands, it strives—as di-

rected by Congress—toprovide

increasinglygreaterserviceto a

growingNation.

USDA policy doesnot permit discriminationbecauseof

race, color, national origin, sexor religion. Any person
who believeshe or shehasbeendiscriminatedagainstin

any USDA-relatedactivity shouldwrite immediately to

the SecretaryofAgriculture, Washington,D.C. 20250.


